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    本论文利用总 DNA 提取、PCR 扩增、变性梯度凝胶电泳（DGGE）以及克
隆测序等分子技术，建立了一套较为完整的适合环境样品中超微型真核浮游生物
群落遗传多样性研究、基于小亚基核糖体 RNA(SSU rRNA)基因研究的指纹图谱















样品群落结构的内部稳定性最差；18 号测站和 23 号测站样品的季度性群落多样
性结构比较相似，与其它两个测站的群落结构存在一定的差异；在厦门西海域样





















A fingerprint technique PCR-DGGE which was based on the theory of small 
subunit ribosomal RNA (SSU RNA, 18S rRNA) gene analysis was developed by 
using molecular techniques which include DNA extraction, PCR amplification, 
Denaturing Gradient Gel Electrophoresis （DGGE）, Clone-sequencing and some 
other techniques to explore the genetic diversity of eukaryotic ultraplankton 
assemblages in western Xiamen Waters. The preliminary study was carried out on 
genetic diversity, temporal and spatial distributions of eukaryotic ultraplankton 
assemblages in four typical stations of western Xiamen Waters, relationship between 
genetic structure and environmental factors would be discussed, . Main conclusions 
were as following: 
1. The genetic diversities of the eukaryotic ultraplankton assemblages in western 
Xiamen Waters were very high and the main groups were Chlorophyta,  
Stramenopiles, Haptophytes, Dinophyceae, Novel Alveolates and unidentified groups. 
Chlorophyta, Novel Stramenopiles, Novel Alveolates and unidentified groups which 
were the most extensively distributed and relatively abundant have played very 
important roles in dynamics and other aspects of eukaryotic ultraplankton 
assemblages in the study area. 
2. The genetic structures of eukaryotic ultraplankton assemblages have showed a 
seasonal variations in some degree in western Xiamen Waters, and the seasonal 
changing patterns of genetic structures in Stn 23 was the most prominent one amid 
that of those other three stations and it indicated that the genetic structures of the 
monthly samples which have high-temperature features are relatively similar in some 
degree, while the genetic structures of the monthly samples which have 
low-temperature features also showed a similar pattern in Stn 23, these trends can also 
be applied to other three stations in different degrees. Some OTUs（operational 
taxonomic units ） can be correlated with the high-temperature featured monthly 













different corresponding stations.  
Variations of assemblages’ genetic structures among different geographical 
stations indicated that the patterns of assemblages stability among the four stations are 
different, the assemblages’ structure are relatively stable in Stn 26, while the 
assemblages’ structures of Stn 27 are very unsteady; Different groups of OTUs were 
specific correlated with different stations and the stations which shares the same 
genetic structure patterns . 
3. Relativity analysis between environmental factors and assemblages’ structures 
indicated that different OTUs were significantly correlated with different 
environmental factors (such as temperature, salinity and nutrients), and the 
temperature might be one of the most important environmental factors which 
influenced the genetic structures of eukaryotic ultraplankton assemblages in western 
Xiamen Waters. 
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Amp ampicilin 氨苄青霉素 
APS    ammonium persulfate 过硫酸铵 
BLAST   basic local alignment search tool  
bp base pair 碱基对 
CA correspondence analysis 对应分析 
CTAB    cetyl trimethyl ammonium bromide 溴化十六烷三甲基铵 
DGGE denaturing gradient gel electrophoresis 变性梯度凝胶电泳 
DMSO    dimethyl sulfoxide 二甲基硫 
DNA deoxyribonucleic acid 脱氧核糖核酸 
dNTP deoxynucleoside triphosphate 三磷酸脱氧核苷 
EDTA ethylenediaminetetraacetic acid 乙二胺四乙酸 
FCM flow cytometry 流式细胞仪 
FISH fluorescent in situ hybridization 荧光原位杂交 
HPLC high performance liquid chromatography 高效液相色谱 
IPTG isopropylthio-β-D-galactoside 异丙基硫代-β-D-半乳糖苷 
ISRT in situ reverse transcription 原位反转录 
ITS  Internal Transcribed Spacer  
kb kilo base pair 千碱基对 
LB Luria-Bertani medium LB 培养基 
Nest-PCR Nest polymerase chain reaction 巢式 PCR 
mRNA Messenger ribonucleic acid 信使 RNA 
NMDS nonparameteric multi-dimensional scaling 非参数多维排序 
NO2-N nitrite 亚硝盐 
NO3-N nitrate 硝酸盐 
NS Novel Stramenopiles  
nt nucleotide 核苷 













PCA principal components analysis 主成分分析 
PCR polymerase chain reaction 聚合酶链式反应 
PO4-P phosphate 磷酸盐 
PRAS prasinoxanthin 青绿藻黄素 
PVP    polyvinyl pyrrolidone 聚乙烯吡咯烷酮 
RAPD    random amplified polymorphic dna 随机扩增多态性 
RFLP    restriction fragment length polymorphism  限制性片段长度多态性 
RISA rDNA internal sequence analysis rDNA 间隔区序列分析 
RNA ribonucleic acid 核糖核酸 
rpm round per minute 转每分 
rRNA ribosomal rna  核糖体 RNA 
SSCP Single Strand Conformation Polymorphism 单链构象多态性法 
SDS sodium dodecylsulfate 十二烷基磺酸钠 
TAE tris-acetic acid-EDTA buffer  
TE tris-EDTA buffer  
TEMED   n,n,n',n',-tetramethylethylenediamine 四甲基乙二胺 



















第一章  绪论 
 










新生产力（New production, Dugdale & Goering, 1969），微食物网 Microbial food 
web, Azam et al., 1983）以及生物泵（Biological pump，Longhurst and 
Harrison,1989）等概念的提出，也进一步突显了生物过程在海洋碳循环中的研究
意义与重要性。此外，颗粒计数器的应用导致了粒径谱概念的产生（Sieburth et al., 
1978），粒径谱理论的提出不仅为定量研究生态系统能流、物流以及以模式研究
浮游生物动力学提供了极大的方便（Moloney & Field, 1991），并且实现了对浮游
生物的粒径谱划分，目前，学者们一般将海洋超微型浮游生物（Ultraplankton）(包
括自养和异养细菌、古细菌、超微型浮游植物、病毒以及微小鞭毛虫等)定义为
小于 5 微米的浮游生物，包括了粒径在 0.2－2μm 之间的所有的微微型浮游生物
（Picoplankton）和 2－5μm 的微型浮游生物(Nanoplankton)。（Sieburth et al., 
1978；宁修仁等，1997）。 
对于微型、超微型浮游生物在海洋生物地球化学过程等方面的研究导致了微

































级生产力的 80%或更多，它们比细胞较大的种类具有明显的优势（Li et al.,1983；










第二节  超微型浮游生物研究概况 






















Johnson 和 Sieburth 在表面荧光显微镜对热带和温带海洋样品进行研究时，第一
次发现了具有强烈橙色荧光（与叶绿素明显不同的色素荧光）、直径约为 0.5－
1.5μm 的原核光合生物―聚球藻（Synechococcus）（Johnson & Sieburth，1979）；
1982 年，Johnson 和 Sieburth 这两位学者又通过应用透射电子显微镜技术发现了
多种超微型真核浮游植物（Johnson & Sieburth，1982）；1988 年，Chisholm 等人
通过流式细胞仪检测到了迄今为止发现的海洋中具有极小细胞特征（平均直径
0.6μm）、丰度很高的而且在极弱的光照条件下可以进行高效的光合作用的生物－
原绿球藻（Prochlorococcus）（Chisholm et al.，1988）。 
近年来，研究学者对蓝藻以及原绿球藻等微型原核生物的多样性组成等方面
进行了很多的研究，并且已经取得了很大进展。例如，Giovannoni 等（1988）用
29 株蓝藻的部分 16S rDNA 序列构建了第一个系统进化树；Nubel 等（1996）利
用 DGGE 和基因文库等技术比较了自然种群蓝藻与人工培养的蓝藻的基因多样











究工作（Díez et al., 2001a; Diez et al., 2001b; Zeidner et al., 2003; Guillou et al., 
2004; Not et al., 2004; Romari et al., 2004）。例如，在太平洋赤道区（Staay et al., 
2001）、地中海（Díez et al., 2001a）、南极水域 （López-García et al., 2001）、西




















2000 年，法、英、德、挪威和西班牙的重点实验室联手创立了 PICODIV 计
划，主要针对于海洋聚球藻、原绿球藻的生理生态多样性和海洋超微型真核浮游
生物的分子鉴定方面的研究。在 2001 年，超微型真核浮游生物的遗传多样性研















第三节  分子生物学方法的应用 
在DNA分子技术出现之前，人们对微生物的认识大多数是靠纯培养，或者
靠直接形态观察来获得部分信息。但是由于微生物形态过于简单，并不能提供太
























表1-1  超微型浮游生物研究进展 
Table 1-1  Research progress of ultraplankton 
Authors Year Content Technique 
Giovannoni et al. 1990 Genetic diversity in Sargasso Sea bacterioplankton 16S rDNA 测序 
Courties et al.  1998 Phylogenetic analysis and genome size of Ostreococcus 
tauri (Chlorophyta, Prasinophyceae) 
测序 
 
Suzuki et al. 
 
1998 
Kinetic bias in estimates of coastal picoplankton 
community structure obtained by measurements of 





Muyzer et al. 
 
1998 
Application of denaturing gradient gel electrophoresis 
(DGGE) and temperature gradient gel electrophoresis 
(TGGE) in microbial ecology 
 
DGGE 
陈月琴 等 1999 赤潮铜绿微囊藻 rDNA 基因间隔区的序列分析以及
与淡水微囊藻的比较 
ITS 测序 
Guillou et al. 1999 Diversity and abundance of Bolidophyceae 
(Heterokonta) in oceanic waters 
18S rDNA 文库和测序 
 
Edvardsen et al.  
 
2000 
Phylogenetic reconstructions of the Haptophyta inferred 
from 18S ribosomal DNA sequences and available 
morphological data 
 
18S rDNA 文库和测序 
黄邦钦 等 2000 厦门西侧海域微微型浮游植物的时空分布及其调控
机制 
荧光显微镜 
Díez et al. 2001a Study of Genetic Diversity of Eukaryotic Picoplankton 
in Different Oceanic Regions by Small-Subunit rRNA 
Gene Cloning and Sequencing 
克隆测序 
 
Díez et al. 
 
2001b 
Application of Denaturing Gradient Gel 
Electrophoresis(DGGE) To Study the Diversity of 
Marine Picoeukaryotic Assemblages and Comparison of 
DGGE with Other Molecular Techniques 
 
DGGE 
Staay et al.  2001 Oceanic 18S rDNA sequences from picoplankton reveal 
new eukaryotic lineages 
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